Objectives: Three cases are presented in which patients were using opioids as required for nonmalignant pain management and significant central sleep apnea developed. Patients in the first two cases had no evidence of sleep-related breathing disorders on polysomnography until they ingested an opioid for treatment of chronic pain during the night and severe central sleep apnea developed. The patient in our third case had established obstructive sleep apnea but experienced a significant number of central events after the ingestion of an opioid analgesic, leading to worsening severity of his underlying sleep-related breathing disorder. 
Conclusion

O
ur understanding of the effects of opioids on sleeprelated breathing disorders is in a state of evolution. Robinson et al 1 showed in 1987 that in healthy individuals without suspected sleep apnea, the use of oral narcotics in standard dosages did not appear to increase sleep-related breathing disorders significantly. However, it is clear that the control of breathing can be compromised by hypnotics, sedatives, and opioids. 2, 3 Farney et al 4 reported ataxic breathing, central apneas, sustained hypoxemia, and prolonged obstructive hypopneas in patients receiving longterm therapy with sustained-release opioid medications.
In a prior study, 5 we have observed that patients receiving long-term therapy with opioids for the treatment of chronic pain have an increased prevalence of central apnea, obstructive apnea, and combined obstructive and central sleep apnea. We have observed that opioids may complicate underlying sleep apnea and make continuous positive airway pressure (CPAP) therapy less effective. 6 The variability in the use of these agents on an as-needed basis poses an additional challenge as the severity and type of sleep apnea might vary significantly from night to night depending on overall opiate usage. 7 In this series, we report on three patients who had either no evidence of sleep-related breathing disorders or only obstructive sleep apnea despite receiving long-term pain therapy until they ingested an opioid as-needed for pain relief during the night and severe central sleep apnea developed.
Sleep Studies
Overnight polysomnography was performed using standard techniques. 8 A nasal pressure transducer was used to measure airflow. Hypopneas were scored by a visible reduction in airflow lasting at least 10 s that was associated with either a 4% reduction in oxygen saturation or an EEG arousal. An arousal was defined according to the criteria proposed by the Atlas Task Force. 9 Study results were considered to be positive for sleep apnea if the apneahypopnea index (AHI) was Ͼ 10 events per hour, equivocal for sleep apnea if the AHI was 5 to 10 events per hour, and negative for sleep apnea if the AHI was Ͻ 5 events per hour. Respiratory events were first scored manually by an experienced scorer, and then the study was reviewed and corrected by a board-certified sleep physician. Each study was reviewed for potential upper airway resistance events by looking for changes in the contour of the nasal pressure signal, and by examination of the rib cage and abdominal signals for a paradoxical motion in the absence of a defined event.
Case Reports
Case 1
A 57-year-old woman with a body mass index (BMI) of 33 kg/m 2 presented with excessive daytime sleepiness, snoring, and vaguely described choking/gasping arousals at night. Her Epworth sleepiness score was increased (15/24). There was no history or physical findings of heart or neurologic disease, and an echocardiogram revealed normal left ventricular function. The patient's serum bicarbonate concentration was 29 mEq/L. The patient underwent diagnostic nocturnal polysomnography, the results of which were borderline for sleep apnea (ie, an AHI of six events per hour without evidence of significant hypoxemia, increased arousals, evidence of hypoventilation, or alteration in the nasal pressure contour that would suggest airflow limitation). The patient continued to remain symptomatic. At this time, a multiple sleep latency test with a prior overnight polysomnography was scheduled as part of further workup. Apart from these complaints, the patient reported chronic back pain and arthralgias in her lower extremities bilaterally, for which she was prescribed 10 mg of oxycodone prn with a maximum daily dosage of 40 mg. During her second sleep study, the patient was noted to ingest an unknown amount of oxycodone for pain at 2:30 am. While the overall AHI for her second study was 33.6 events per hour, the AHI after ingestion of oxycodone was 92.5 events per hour compared to 3.3 events per hour before the ingestion of oxycodone ( Table 1) . The patient had a total of 189 apneas and hypopneas after the ingestion of oxycodone, of which 82.5% were central in nature. The central events were not associated with a significant increase in the number of arousals, nor were there significant changes in sleep pattern or oxygen saturation.
Case 2
A 41-year-old woman (BMI, 34 kg/m 2 ) was referred with complaints of excessive daytime sleepiness, morning headaches, reduced energy during the day, nocturia, snoring, and witnessed apneas. Her Epworth sleepiness score was increased (13/24). There was no history or physical findings suggestive of heart or neurologic disease. Her other medical issues included chronic back and left knee pain. She had undergone numerous surgical procedures for these problems and now was receiving high doses of analgesics for pain control. Medications included methadone (20 mg twice daily) with an extra 10-mg dose at noon, and a combination medication consisting of oxycodone, 7.5 mg, acetaminophen, 325 mg, lamotrigine, 200 mg once daily, and piroxicam, 40 mg once daily (Percocet; Endo Pharmaceuticals; Chadds Ford, PA). The results of the sleep study were within normal limits during the first portion of the night. While the patient's overall AHI was 15.5 events per hour; all events except two hypopneas occurred after 3:00 am (Fig 1) . It was noted by the sleep technician that the patient took two pills of the prescribed combination medication (Percocet; Endo Pharmaceuticals) at 2:00 am. After ingestion of the opioid, the patient experienced 92 events, of which all but 1 were central apneas (Fig 2) . The central apnea index (CAI) was 27.6 events per hour after the ingestion of the oxycodone/acetaminophen combination ( Table 1 ). The central events were associated with an increased total number of arousals but were not associated with changes in sleep pattern or oxygen saturation.
Case 3
A 57-year-old man (BMI, 34.2 kg/m 2 ) with a history of obstructive sleep apnea was referred with persistent symptoms of excessive daytime somnolence, snoring, gasping/choking arousals, nocturia, and apnea spells. The patient had coronary artery disease, but there was no history or physical findings suggestive of heart failure or neurologic disease. The serum bicarbonate level was 25 mEq/L. The Epworth sleepiness score was increased at 24/24. The patient also reported chronic neck pain and radiculopathy for which he was receiving extended-release morphine, 120 mg three times daily. The patient stated that he took a dose of his extended-release pain medication at midnight during his nocturnal polysomnogram. At 2:00 am, the patient started to have an increased frequency of central apneas, which correlates with the onset of action for the analgesic effects of extended-release morphine. The overall AHI was 76.3 events per hour with an AHI of 38.1 events per hour before ingestion of the opiate and 120.2 events per hour after ingestion of the opiate (Table 1) . His CAI was 2.1 events per hour before the ingestion of morphine, compared to 75.6 events per hour after the ingestion of morphine. These central events were not associated with a significant increase in the number of arousals, nor were there significant changes in sleep pattern or oxygen saturation.
Discussion
Opioids are commonly prescribed for the management of both acute and chronic pain. 10, 11 The use of these agents is increasing in the United States. 12 The opioid receptors responsible for the analgesic effect are found in nuclei that are also active for sleep regulation, 13 and hence are thought to be involved in sleep induction and maintenance. 14 Long-term opioid use has been previously studied 15 and has been shown to be related to sleep-related breathing disorders. Central sleep apnea was found in 30% of patients receiving methadone maintenance therapy for substance abuse, and the CAI for these patients was significantly correlated with the blood methadone concentration. 2 In an observational study 5 of 140 patients with chronic pain who were receiving opioid therapy, an increased incidence of central apnea, obstructive apnea, and mixed obstructive/central sleep apnea was noted, with a direct relationship between AHI and CAI and the daily dosage of methadone. However, the literature assessing acute opioid use and respiratory disturbances during sleep is scarce. 15 Robinson et al 1 showed that in individuals who had no evidence of sleep apnea, oral hydromorphone in doses of 2 or 4 mg did not increase the incidence of sleep-related breathing disorders. The administration of morphine in otherwise healthy individuals did not increase respiratory disturbances during sleep when compared to their baseline or placebo use. 16 Roth et al 3 concluded that while opioids exacerbate sleep apnea, they do not cause sleep-related breathing disorders de novo.
Despite long-term opiate use in patients 2 and 3 and long-term use as needed in patient 1, our patients did not have significant central sleep apnea until they took an additional pain pill at night, at which point severe central sleep apnea developed, at least in terms of the AHI. None of the patients had any cardiac or neurologic disease that would predispose them to central sleep apnea. This finding points out the lability of sleep apnea in these patients, which is highly relevant since patients with chronic pain tend to adjust their pain medicine based on their level of pain. This concept is shown in case 1 where the patient had an equivocal nocturnal polysomnogram when she did not receive any pain medications but significant and severe central sleep apnea developed after the ingestion of an opioid analgesic during the night. The patient in case 2 who was receiving long-term opioid therapy showed no evidence of respiratory disturbances during sleep until she took an additional modest dose of an opioid during the night. The patient in our last case had established obstructive sleep apnea. However, on ingesting an opioid during the night a significant number of central events developed, which added to the severity of his disease.
There is not a lot of information on the mechanisms responsible for central sleep apnea in patients receiving opiates nor is there much information on treatment. In terms of patterns, the central sleep apnea associated with opiates does not usually show a crescendo-decrescendo pattern and has a shorter cycle length (around 30 s) 15 than the central sleep apnea seen in patients with congestive heart failure (cycle length, around 60 s) [Fig 2] . Stable methadone patients have a reduced hypercapnic ventilatory response but an enhanced hypoxic response, 2 which may promote breathing pattern instability. Opioids are well known to suppress central respiratory controllers, which may also promote respiratory pattern instability. Methadone concentration correlates with the CAI, 5 which would certainly be consistent with a direct effect on central respiratory controllers. Other drugs that are often administered to the patient with chronic pain, such as sedatives and antidepressants, may act in concert to promote central sleep apnea. A dose-response relation was found between the CAI and the diazepam equivalent dosage in a prior study of patients with chronic pain. 5 The consequences of central sleep apnea in this patient population are unknown. The central events do not usually result in oxygen desaturation or substantially alter sleep pattern, 15 as was seen in our patients. The effect on arousals was variable in our patients. Patients receiving therapy with opiates are often sleepy, and whether the central events contribute to this subjective sleepiness remains to be determined. Patients receiving opiate therapy for the treatment of chronic pain have an increased incidence of death. Whether central sleep apnea contributes in any way to this phenomenon remains to be explored.
CPAP is usually ineffective for the treatment of central sleep apnea in these patients. Oxygen therapy can be effective in some patients. 7 In our experience, treatment with bilevel positive airway pressure, with a backup rate (ie, the respiratory rate set for the bilevel positive airway pressure device, which will deliver breaths to the patient if the patient's spontaneous breathing rate falls below the set rate) if necessary, is usually effective in alleviating central sleep apnea in these patients. 7 Servoadaptive ventilation is an attractive treatment modality on theoretical grounds, but observational studies in which this modality has been used in this patient population are lacking.
In conclusion, we have shown that the addition of a single dose of opiates at night can precipitate central sleep apnea in patients receiving opiate therapy who otherwise did not display sleep-related breathing disorders. These disturbances were mostly central in nature and could pose management challenges given the ineffectiveness of CPAP therapy in eliminating central events in patients receiving opiates. Further larger-scale studies are required to assess the clinical significance of this finding.
